Since Felty's description in 1924 of a syndrome consisting of chronic arthritis, splenomegaly, and leucopenia, there has been much speculation on its essential nature. The condition has been considered to be an unusual variant of rheumatoid arthritis (Hutt, Richardson, and Staffurth, 1951) or simply the fortuitous association of chronic arthritis and cirrhosis of the liver with portal hypertension (Felty, 1924; Cudkowicz, 1956; Layani, Durupt and Amor, 1959) . The leucopenia associated with splenomegaly has been explained on the concept of hypersplenism (Doan and Wright, 1946; Evans, Takahashi, Duane, Payne and Liu, 1951; Hutchison and Alexander, 1954; Dameshek, 1955) . Less attention has been paid to the investigation of the anaemia which commonly occurs. It is of interest that each of the patients described by Felty had a haemoglobin of approximately 10 g. per cent. and that urobilin was detected in the urine of one patient; in many instances when splenectomy was performed there was a marked improvement in the anaemia as well as relief of the leucopenia (Smith and McCabe, 1948; Hutt and others, 1951; Hutchison and Alexander, 1954) , but not in every case (Hutt and others, 1951; Cudkowicz, 1956) . In this paper we have studied the mechanism of this anaemia both before and after splenectomy in four patients with Felty's syndrome.
Material and Methods

Radioisotopic Techniques
Radiochromium ('1Cr) . The radiochromium technique was based on the method of Mollison and Veall (1955) .
The red cells from 20 ml. of the patient's blood were labelled with 100 ,Lc. 51Cr (sodium chromate) and administered intravenously; acid citrate dextrose was used as the anticoagulant. This gave a measure of the red cell half life (61Cr TO) for each patient and thus of the degree of haemolysis. The mean 51Cr Ti in six haematologically normal patients was 28 ± 5 (S.D.), range 22-35 days, which is in agreement with the findings observed by other workers (Berlin, Waldmann and Weissman, 1959) . In order to determine whether or not the spleen was acting as an organ of erythrocyte sequestration, radioactivity was also measured by surface counting over the heart, liver, and spleen as described by Jandl, Greenberg, Yonemoto, and Castle (1956) . A spleen/liver ratio at Ti of at least 2 -3 to I was considered to be evidence of splenic sequestration of a degree sufficient to suggest that splenectomy would relieve a haemolytic anaemia (Goldberg, 1960) .
Radioiron (59Fe).-I0 ,uc. radioactive iron in the form of ferric chloride was injected intravenously into one patient. The rate of plasma clearance was estimated and changes in radioactivity were recorded at intervals over the heart, spleen, liver, and sacrum (Ledlie and Baxter, 1954) over a period of 100 hours. The sacrum was used as a convenient site for recording bone marrow activity. A sample of blood was removed at 14 days after the radioiron administration in order to determine the utilization of the injected iron for haemoglobin formation. The normal utilization of radioiron under these conditions is 68 to 83 per cent. (Finch, Gibson, Peacock, and Fluharty, 1949) . The blood volume was measured by the technique described by Muldowney (1957) using the dye dilution method (Evans blue). Routine haematological measurements were made according to Dacie (1956) .
Histopathology
Sections of the spleen and of a liver biopsy taken during operation were examined in each case; special stains were applied to demonstrate the presence of haemosiderin (Prussian blue reaction), reticulum network (Fontana) and in the liver specimens, fibrous tissue (van Gieson).
Clinical Data Case 1, a 66-year-old housewife, was first seen in December, 1960. She had suffered from rheumatoid arthritis for 15 years. Her hands, ankles, feet, and knees showed typical deformities with characteristic radiological changes. The sheep cell agglutination test was positive. In recent years she had developed dyspnoea on exertion and loss of weight; her spleen had become palpable 2 in. below the costal margin. Routine haematological investigation revealed anaemia, thrombocytopenia, and leucopenia (Table I, overleaf). Examination of the bone marrow showed increased cellularity of both red and white cell series with maturation arrest of the granular cells, i.e. appearances characteristic of hypersplenism (Table III, overleaf) . Radiochromium studies demonstrated a haemolytic anaemia with evidence of splenic sequestration (Table II, overleaf) .
Splenectomy was advised, but the patient refused operation. 9 months later she was readmitted with 267 November, 1961. During the operation excessive capillary oozing was noted. Thereafter the platelet count and the white cell count returned to normal figures within 2 and 14 days respectively. The haemoglobin level gradually rose to reach 14 8 g. per cent. after 6 months ( Table I) . The blood levels have remained normal during the past 2 years and her general condition has improved.
Case 2, a 62-year-old housewife, was first seen in April, 1959, when she gave an 8-years' history typical of rheumatoid arthritis involving hands, elbows, shoulders, knees, ankles, and feet. Conjunctivitis, blepharitis, and frequent chest infections had occurred intermittently for 4 years. She had complained of general weakness and malaise for several months. She was a thin, wasted woman with pallor of the skin. Small discrete glands were palpable in neck and axillae. There was a patch of ecchymosis on the right forearm. The spleen was palpable 3 in. below the costal margin. The sheep cell agglutination test was weakly positive. Haematological investigations revealed a moderate anaemia associated with reticulocytosis, leucopenia, and thrombocytopenia (Table I ). The marrow histology was again typical of hypersplenism (Table III) . The urinary urobilinogen ranged between 2*8 and 11 mg./24 hours. Radiochromium studies confirmed the presence of a haemolytic anaemia with a spleen/liver ratio at Ti of 2-1 to 1 (Table  II) there was clinical and radiological evidence of mitral stenosis, but without any previous history of rheumatic fever or streptococcal infection. There was a marked anaemia, leucopenia, and thrombocytopenia (Table I) . Marrow histology was characteristic of hypersplenism (Table III) . The sheep cell agglutination and L.E.-cell tests were both positive. Serum bilirubin was not raised. The serum globulin and the routine sero-flocculation tests of liver function were increased. The bromsulphthalein test showed a 23 per cent. retention at 1 hour. Radiochromium studies revealed a severe haemolytic anaemia with evidence of splenic sequestration (Table II) . The percentage radioiron (59Fe) utilization at 14 days was just outside the lower limit of normal (Table II) . The radioiron profile obtained by surface counting over sacrum, heart, liver, and spleen was normal, and the plasma iron turnover was also normal (0 49 mg./100 ml./ 24 hrs). Splenectomy was performed in April, 1962. Within 4 days of the operation the white cell count and platelet count had risen to normal. The haemoglobin reached normal levels 5 months later. Repeat radioisotopic studies 7 months after operation showed no significant change in the radioiron utilization (58 per cent.) or in the plasma iron turnover (0-59 mg./100 ml./24 hrs), while the 5"Cr Ti rose from 7-5 to 29 days.
The polyarthritis was unchanged. The haematological state has remained normal for 18 months.
Discussion
The four patients in the present study are, by definition, cases of Felty's syndrome. The condition described by Felty (1924) comprised a triad of chronic arthritis in the adult associated with splenomegaly and leucopenia. At that time no serological methods were available for the more precise definition of rheumatoid arthritis. Felty considered the condition to be similar to Still's disease of children. Robinson (1963) has noted that in rheumatoid arthritis lymphadenopathy occurs occasionally and splenomegaly is found in 5 to 10 per cent. of cases. It is likely that Felty's syndrome occurs within this group of patients in whom the enlargement of the spleen has for some unknown reason been also associated with "hypersplenism".
On the other hand, Layani and others (1959) argued that it is merely the fortuitous association of chronic arthritis and liver disease with portal hypertension. In the present series two patients (Cases 1 and 2) have unequivocal rheumatoid arthritis (Ropes, Bennett, Cobb, Jacox, and Jessar, 1959) . Case 3 has a negative sheep cell agglutination test although she had the typical joint deformities and radiological appearances of rheumatoid arthritis. Case 4 had mitral valve disease, histological evidence of a low grade hepatitis (Table IV) , and positive sheep cell agglutination and L.E.-cell tests. This patient may have disseminated erythematosus.
In Cases 1, 2, and 3 the liver was normal or showed only minor changes (Table IV) . In Felty's original description, each of his cases had a haemoglobin of approximately 10 g. per cent. In most cases in which splenectomy was performed, there was a marked improvement in the anaemia (Cudkowicz, 1956) . In uncomplicated rheumatoid arthritis, especially during the active phase of the disease, there is usually an associated moderate normochromic normocytic anaemia. The mechanism of this anaemia has been investigated by several workers. Bunim (1954) was the first to show that there was a shortening of the red cell survival time. This was subsequently confirmed by Ebaugh, Peterson, Rodnan, and Bunim (1959) and Weinstein (1959) . Richmond, Alexander, Potter, and Duthie (1961) drew attention to the fact that the haemolytic process was of the extracorpuscular type, that it was mild in degree and more readily demonstrable by injecting labelled donor cells than by labelling the patient's own cells. In Weinstein's series the most active haemolytic process was associated with splenomegaly in two patients. Each of the four patients in the present series had a shortened red cell survival time, the 51Cr Ti's ranging from 5-5 to 19 days (normal 28 ± 5) and Case 3 had red cell antibodies demonstrable by the Coombs test. Surface counting over the liver and spleen revealed that in Cases 1, 3, and 4 the spleen/liver ratio was greater than 2-3:1. In Case 2, although the splenic sequestration studies did not alone indicate that splenectomy would be beneficial, the profound leucopenia and repeated infections justified this procedure. A satisfactory haematological response occurred in each case; the red cell survival returned to normal (28 ± 5 days) in Cases 1, 2, and 4 and from 51 to 18 days in Case 3.
Hypersplenism is clearly the important factor which is responsible for the haematological differences between Felty's syndrome and uncomplicated rheumatoid arthritis. Hypersplenism has been applied to that state in which some or all of the formed elements of the blood are depressed as a result of the influence of the spleen. The strongest evidence for the role of the spleen in these conditions has been the prompt relief of the clinical and haematological picture following splenectomy. The mechanism by which the spleen exerts its influence is of interest. Doan and Wright (1946) suggested that there was selective sequestration of the various blood elements in the spleen with their eventual phagocytosis and destruction. Dameshek (1955) favoured a humoral mechanism whereby the spleen had an indirect action upon the bone marrow, either preventing the growth or maturation of the various cells, or blocking their delivery from the marrow to the blood. Finally, it was considered that many cases were attributable to the formation of autoantibodies to blood cells by the reticulo-endothelial tissues including the spleen and with destruction of the sensitized cells in the spleen (Evans and others, 1951) . Whatever the mechanism of hypersplenism may be, in each patient of the present study there was complete restoration of the bone marrow to normal after splenectomy. The radiochromium studies and the histology of the spleens (Table IV) support the view that selective sequestration occurs in the spleen.
Although haemolysis appears to have been the major factor in the production of the anaemia in 
Summary
The mechanism of the anaemia in four cases of Felty's syndrome was studied, using radioactive chromium (51Cr) as a red cell label before and after splenectomy. In one case iron utilization was also measured, using radioactive iron (59Fe) before and after splenectomy. It was concluded that the anaemia is mainly due to haemolysis. There was evidence of increased splenic sequestration of erythrocytes and the anaemia was rectified in all patients by splenectomy. Radioiron studies confirmed an inadequate iron utilization for haemoglobin synthesis and this was not improved by splenectomy. Splenectomy corrected the leucopenia present in each case and also the thrombocytopenia which occurred in two of them.
Our thanks are due to Dr. J. R. Anderson for the histopathological reports.
L'an6mie dans le syndrome de Felty RESUME On etudia le mecanisme de l'anemie dans quatre cas de syndrome de Felty, A I'aide du chrome radioactif (51Cr) pour marquer les globules rouges avant et apres la splenectomie. Dans un cas on mesura aussi l'utilisation du fer, A I'aide du fer radioactif (59Fe) avant et apres la splenectomie. On conclut que l'an6mie est due surtout a l'h6molyse. On trouva des signes de sequestration splenique augmentee des 6rythrocytes et chez tous les malades l'anemie fut corrigee par la splenectomie. Les etudes radioferriques confirmerent l'utilisation insuffisante du fer pour la synthese de l'hemoglobine, ce qui ne fut pas amelior6 par la splenectomie. L'enlevement de la rate corrigea la leucopenie presente dans tous les cas et aussi la thrombocytopenie existante chez deux d'entre eux.
La anemia en el sindrome de Felty SUMAIO Se estudio el mecanismo de la anemia en cuatro casos de sindrome de Felty con el empleo del cromo radioactivo (51Cr) para marcar eritrocitos antes y despues de esplenectomia. En un caso la utilizacion de hierro fue tambien medida, sirviendose de hierro radioactivo (59Fe) antes y despu6s de esplenectomia. Se concluy6 que la anemia se debe principalmente a la hem6lisis. Se encontro evidencia de secuestracion esplenica aumentada de eritrocitos y en todos los enfermos la anemia fue corregida por la espelenectomia. Los estudios radioferricos confirman la utilizacion insuficiente de hierro en la sintesis de hemoglobina, que no mejor6 despues de la esplenectomia. La extirpaci6n del bazo corrigi6 la leucopenia presente en todos los casos y tambien la trombocitopenia existente en dos casos.
